Fibers are valuable to biomedical applications. Used as sutures or meshes, there is an increased dual need to provide functionality such as drug delivery. Porosity represents a high surface area to volume architecture. Coaxial fibers with porous and non-porous layers offer a new design framework for fiber design that can resolve dual needs of mechanical robustness with transport phenomena. Using preferential solubility of a polymer in supercritical CO 2 , we develop a new architecture using biocompatible polymers based on porous core-sheath fiber fabrication technique. Polycaprolactone was selected as the CO 2 miscible phase and Poly(butyrate adipate terephthalate)(PBAT) as the immiscible phase. The mechanical performance of the fibers was investigated using quasi static and dynamic loading. SEM images indicate no physical detachment of the two polymer surface after CO 2 exposure indicating a successful amalgamation of polymers at the boundary of core and sheath. PCL as a sheath and as a core showed an increase of 650% and 468% in tensile strength compared to pristine PCL and PBAT. Introduction of porosity on the surface of coaxial fiber fPCL(cPBAT) further enhanced the yield strength increases by 40%. Dynamic mechanical analysis was used to analyze the viscoelastic properties of the fibers. The storage and loss modulus for coaxial fibers shows superior modulus throughout the glassy, glass transition and rubbery region as compared to the pristine PCL and PBAT, showing enhancement in both the elastic and viscous response of the material. The results indicate a new approach that is free of volatile organic solvents to manipulate the architecture of the cross-section of the electrospun fiber and tailor mechanical properties to the required application.
Introduction
Fibers are invaluable in biomedical applications whether as sutures or part of tissue scaffolds or drug delivery patches as woven and non-woven fabric. The capability to mimic an extracellular matrix (ECM) with specified functionality has opened new endeavors in the field of tissue engineering and drug delivery making porous architectures attractive. Increasing the surface area for drug delivery is enabled through porosity but completely porous polymers are not durable. Both mechanical and transport properties are critical to their function. Mechanical properties of durability and flexibility and transport properties of both fluid flow and drug release are influenced by fiber density where both constituent material properties and architecture are critical parameters. The cross-sectional architecture of fibers has been an underexplored variable. Nature inspired design has had a positive impact on design of new nacre inspired structures and coatings as well as gecko inspired adhesives. Synthetic fiber cross-sections are either solid circular cross section (glass/carbon) or grown around a core fiber (boron). These fibers have significant contributions to stiffness but limited contributions to toughness. In contrast, plant fibers consist of porous crosssectional architecture ( Fig. 1 ) whose physical morphology and mechanical properties depend on the age, and condition of growth and development. In our previous work on kenaf bast fiber, we have compared two different post processing retting environments in plant fibers to create porous and non-porous fibers with core-shell architectures [2, 3] . Using an alkali retting approach, fibers were formed where the plant cell walls collapsed with few active functional groups that were available on the surface. In contrast, we used a pectinase environment to create fibers with a porous cross section and active carboxy groups remained on the fiber surface. Both storage and loss moduli were found to be superior when the porosity was preserved indicating fiber stiffness and fiber damping contribute to mechanical performance . Based on the inference that porosity and mechanical properties of the cell wall can contribute to the mechanical performance, in this paper, we examine the impact of synthetic bioninspired fiber design on mechanical performance of fibers. Two architectures are examined: porosity on the surface and porosity in the core. We are motivated by the extensive value biocompatible fibers have in biomedical applications in drug delivery and as textiles as scaffolds. The use of chemical foaming agents and its residue has remained a challenge as release over time of the chemicals presents a toxicity challenge.
Hollow fibers and foamed fibers have been previously explored, but coaxial fibers and particularly foamed coaxial fibers have not been researched to our knowledge. The mechanical properties of fibers composites can be highly influenced by various parameters including pore size, fibers diameter, type of polymer and solvent, physical and chemical interaction between the blends and/or reinforcing particle and defects. Due to multiple parameters there is inconsistency in the reported mechanical properties of porous electrospun fibers and the underlying principle are usually difficult to extract. Porosity is typically through preferential solubility of an organic solvent in one phase but correlation to the properties of the pure polymer is challenging. For example, Guan et al. [4] investigated a blend of polyoxymethylene and PLLA. Dissolution of the PLLA using chloroform resulted in porous fibers. The results showed modulus of the porous polyoxymethylene (POM) fabric slightly greater than the POM/PLLA blend and the strain at break reduced from 540% for blend to 280% for the foamed fibers. Xu et al. [5] report that mechanical properties of porous magnesium-carbon nanofiber composites have an inverse relation to the percentage of porosity. Yield strength of the composite decreased from 63 to 13 MPa as the porosity increased from 24 to 50%. Yin et al. [6] show a similar trend with PLGA fibers, a reduction of modulus from 14.7 to 0.37 MPa as the porosity percentage increase from 35 to 70. Additionally, they showed that the modulus not only depends on the percentage of pores but also on the morphology of pores. Cooper et al. [7] reported reduction of bead structure (defects) and pore size of the electrospun fibers causes an increase in the modulus and tensile strength of polybutylene succinate fibers. Tensile strength of porous PLLA and poly (LLA-co-CL) fibers decreases from 0.77 to 0.36 MPa as the pore diameter increases from 298 to 408 nm. Huan et al. [8] showed reinforcement of PLA with cellulose nanocrystal induce porosity but also improved the tensile strength and modulus of fibers at low loading level; however, increase in cellulose content higher than 10% had deteriorating effect on the mechanical properties due by high porosity. The question then arises is whether the equi-strain condition in coaxial fibers can cause greater than additive benefits to the fiber mechanical properties not obtained thus far in foamed fibers.
Electrospinning is a cost-effective and efficient method to create polymer-based nano/microscale fibers, having high surface area. It works on the principle of electrostatic charge difference to generate polymer fibers ranging from micron to nano-scale [9] . Sun et al. [10] first introduced a modification in the technique creating nanofibers using two different materials in a core-sheath morphology, where the core usually provides the physical properties and sheath gives functionality to the fiber [11] . The hollow structure in electrospun fibers is normally achieved using organic solvents by phase separation method where polymer solution becomes thermodynamically unstable and separates into polymer-rich phase and solventrich phase, after evaporation of solvent, a porous structure is obtained [12] . This methodology can be categorized based on the parameter causing separation: vapor-induced phase separation (VIPS) [13] , thermally induced phase separation (TIPS) [14] , and non-solvent-induced phase separation (NIPS) [15] [16] [17] . Further techniques to introduce porosity include post treatment of the fiber in a non-solvent bath, selective removal of one component of blend [18] , salt leaching and/or calcination at high temperature [19] .
The use of CO 2 has a physical foaming agent has advantages in mitigating the adverse effects of organic solvents and cross-linking agents. The use of environmentally friendly, low cost gas foaming for polymer processing was first proposed by Mooney et al. [20] . Due to high solubility and diffusivity of carbon dioxide (CO 2 ) at low supercritical values (Pc = 7.4 MPa and Tc = 31°C) miscibility with some polymers induces swelling and plasticization (decrease in T g ) [21] . Upon depressurization, cells starts to nucleate as CO 2 leaves the polymer and pores are formed. The extent of foaming in various polymer is well documented and is dependent upon its affinity with carbon dioxide in liquid and critical state [22, 23, 24, 25] . The use of sub or supercritical CO 2 to generate porosity in electrospun fibers is currently limited. Only few studies report the manufacturing of electrospun fibers in CO 2 atmosphere. In which CO 2 extract the solvent from the surface of polymer solution creating a vitrified polymer skin [26] and hollow fibers [27, 28] resulting in poor mechanical properties. Moreover, the fiber has normally larger diameter as they are unable to stretch and elongate before depositing on the collector. To avoid these shortcoming, we propose a two-step manufacturing process in which first coaxial fibers are created, then porosity is introduce using benign gas foaming. Using this method, it is possible to design the cross section of electrospun fibers by creating highly porous structure either in the core or surface of the coaxial fibers.
Applications of porous fibers are widespread with an increasing value for sensing [29] , environmental decontamination [30] , energy storage [31] biomedical drug delivery [32, 33] , and tissue scaffolds [34, 35, 36] . However, the effective utilization of the nanostructured fabric is contingent to mechanical performance including high strength, stiffness, toughness and stable response under cyclic loading. The synergy of these properties is highly desirable in the field of polymer-based composites. In this paper, we analyze the underexplored variable of cross-sectional architecture of fibers in design of fiber-reinforced composite. Herein, we report a method to tailor the mechanical properties of composite fibers by varying the composition and architecture of electrospun fibers. The effect of different cross-sectional morphology on the mechanical performance of the coaxial fibers is investigated under tensile quasi-static and dynamic loading. Pure polymers, coaxial fibers, and foamed fibers in core-sheath architectures are investigated as shown in Fig. 2 .
Experimental

Materials
Poly(butyrate adipate terephthalate)(PBAT) Ecoflex® F BX 7011 (MW 40 kDa, BASF Germany) and Poly (ε-caprolactone) (PCL) (MW 50 kDa, Union Carbide Corporation) were used as received. Chloroform containing amylenes as a stabilizer, ACS reagent with 99.8% purity and acetone purchased from Sigma-Aldrich were used as a solvent for the electrospinning process. All chemicals were used without further purification.
Preparation of electrospun fibers
Two separate solutions were prepared by dissolving 10% by wt. of PBAT and 30% by wt. of PCL separately in chloroform at 40°C for 1 h. To get coaxial fiber meshes, a customized T-shaped needle having an outer diameter of 0.038 in and an inner diameter of 0.019 in from VITA Needle Company was used. The flow rate was maintained at 0.03 ml/ min with the help of a syringe pump by New Era Pump Systems, Inc. to have a continuous flow of polymer solution. The electrical voltage was increased gradually to a critical value of 9 kV to have a uniform stream of solution from the tip of the needle using a DC Voltage supply (Gamma High Voltage Research). Further increase in voltage causes the separation of the stream into two, resulting in separate fibers for PCL and PBAT. Voltage lower than 9 kV results in dripping of the solution. Fibers were collected at a mandrel collector at a distance of 15 cm from the tip of the needle. The collector was grounded to create the voltage difference between the needle and the collector. Figure 3 shows the schematic of fabrication setup. The diameters of the core and sheath were a consequence of the flow rate needed to keep the flow continuous avoiding the beading up that occurs from low entanglements or the absence of fiber form that occurs from a too high flow rate. The die was kept constant for all fibers manufactured. 
CO 2 foaming of the fibers
The as-spun fiber mesh was exposed to supercritical CO 2 in a customized foaming setup with a controlled temperature chamber. The pressure maintained in the chamber was 1100 psi at a temperature of 32°C. The soaking time for the carbon dioxide to infuse into a CO 2 miscible polymer (PCL) placed in the core and the sheath of the fibers was 30 min. Following this, the chamber was depressurized rapidly within 10 s causing the release of CO 2 from the fibers resulting in a porous structure. Higher foaming time causes an increase in the pore diameter which results in fiber breakage. In this paper, we use PCL as the porous constituent and PBAT as the CO 2 immiscible system. The core constituent is bracketed together with the alphabet "c." Thus PCL (cPBAT) would be PCL sheath in a PBAT core. The foamed component has the alphabet "f." Thus PBAT(cfPCL) would denote a foamed PBAT(cPCL) fiber where the sheath is PBAT and the PCL is the core. PCL is the only polymer that is foamed as PBAT and is immiscible and demonstrated no swelling or dimensional changes when processed in CO 2 at the same conditions.
Morphological characterization
Surface morphology of fiber mesh and foamed coaxial fibers was observed in a scanning electron microscope (FEI Nova NanoSEM 230). All of the samples were sputter coated with carbon particles to make them resistive to irradiation by reducing the charge developed on the surface. The coated samples were analyzed at an accelerating voltage of 15 kV at a spot size of 6. A working distance of 5 mm was used to capture the images.
Tensile testing
The tensile properties of fiber mesh and foamed samples were determined using RSA III (TA Instrument, New Castle, DE) in a transient mode using standard extension mode test as reported by Pu et al. [37] . The uniaxial fixture was used for the samples cut in a rectangular shape with the dimensions of 15 mm × 10 mm, having a thickness in the range of 0.075 ± 0.025 mm were used. All the samples were tested at a strain rate of 5 mm/min.
Dynamic mechanical analysis (DMA)
To measure the viscoelastic properties of the electrospun fibers and foamed sample, DMA was performed using RSA III. Rectangular-shaped samples having dimensions of 15 mm × 10 mm with a thickness of 0.075 ± 0.025 mm were used. Initially, the strain amplitude sweep test was performed at 1 Hz to determine the linear viscoelastic region. Next, the samples were scanned using dynamic temperature ramp test from − 80 to 40°C at the heating rate of 5°C/min. Parameters used were a frequency of 1 Hz and strain amplitude calculated from strain sweep test was set to 0.12%.
Differential scanning calorimeter (DSC)
Thermal properties of the electrospun fibers and CO 2 foamed samples were studied using Perkin Elmer DSC6 differential scanning calorimeter, equipped with a chiller. Heating scans were performed from 20 to 200°C at a rate of 10°C per minute to calculate the melting temperature and heat of enthalpy. The samples were held at 200°C for 1 min to stabilize. Next, they were cooled from 200 to 20°C at a rate of 10°C to calculate the recrystallization temperature and enthalpy of crystallization. The degree of crystallization of each sample Fig. 3 Schematic of coaxial electrospinning and CO 2 foaming rector used for fabrication of porous fibers was calculated using enthalpy of heating and the theoretical value of 100% crystalline enthalpy of heating for PCL and PBAT polymer. This result is important as the crystallinity of the fibers hinders degradation and enhances stiffness and tensile strength [38] .
3 Results and discussion
Physical morphology
SEM images were used to characterize the surface morphology and cross-sectional structure of the CO 2 foamed coaxial fibers. Figure 4 a, b shows the surface and cross section of the fPCL(cPBAT) coaxial fiber respectively, as the CO 2 miscible polymer PCL was at the skin of coaxial fiber. We observe a porosity at the surface while a solid CO 2 immiscible polymer PBAT surrounded by the porous sheath can be observed in Fig. 4 b. Figure 4 c and d shows the surface and cross section of PBAT(cfPCL) fibers. As the CO 2 immiscible polymer (PBAT) was at the sheath of the fibers, there was no porosity evident at the surface, whereas the core shows uniform porosity throughout the cross section (Fig. 4 d) . Moreover, no physical detachment of the two polymer surfaces was observed after CO 2 exposure indicating a successful amalgamation of polymers at the boundary of core and sheath. Table 1 lists the diameter of the fibers obtained.
Porosity present in the core and surface of the fibers were further examined using image processing software ImageJ for pore size (D), cell density (N 0 ), and linear cell density, using the method described by Kumar et al. [39] . The results are listed in Table 2 . Cell dimensions of the PCL are the same, independent of whether the PCL was foamed in the core or in the sheath. However, we observe almost threefold increase in the pore (cell) density for the foamed PCL(cPBAT) sample. This increase in the pore (cell) density may be due to the higher exposed area resulting in an ease in CO 2 release and consequential porosity on the surface during depressurization.
Thermal properties
The differential scanning calorimeter technique was used to investigate the thermal behavior of the fibers shown in Fig. 5 . The DSC results of pristine PCL and PBAT show the melting point at 59°C and 122°C respectively. The results of coaxial PCL(cPBAT) and PBAT(cPCL) show two peaks during the heating cycle of each sample. First, a sharp endothermic peak around~60°C was observed showing the melting temperature of PCL has a more crystalline structure, while a second broad peak around~125°C was observed indicating the melting point of PBAT polymer which has a predominantly amorphous structure. The enthalpy of melting (ΔH m ) was calculated based on the areas under the solid-liquid phase change peaks of electrospun fibers using the thermal analysis software affiliated with the equipment. From Table 3 , it can be observed that the heat of fusion of PBAT reduces significantly for coaxial fibers. Figure 6 shows recrystallization temperature of PCL and PBAT at about 38°C and 95°C, observed during the cooling cycle. Interestingly for all coaxial fibers, the recrystallization temperature shifted to lower temperatures. The magnitude of enthalpy of crystallization (ΔHc) also reduces significantly. These changes might be due to the physical interaction of polymer chains. The effect of CO 2 foaming on the degree of crystallization of PCL and PBAT were calculated for the fibers using following relations.
where ΔH m, PCL ΔH m, PBAT ΔH 0 m;PCL ΔH 0 m;PBAT are the enthalpy of melting of 100% crystalline PCL taken as 139 J/g [25] and 100% crystalline PBAT taken as 114 J/g [26] respectively, and xPCL(cPBAT) coaxial fibers to supercritical CO 2 , the degree of crystallization of PCL decreases from 67.6 to 60.1%, whereas for PBAT, it remains almost same around 1.8%. Similarly, for PBAT(cPCL) system the degree of crystallization of PCL remains similar before and after foaming around 42%, whereas for PBAT, it decreases from 10.7% to 7.1%.
The overall degree of crystallization was calculated using Eq. 3 which shows a decrease from 52.1% for PCL(cPBAT) coaxial fibers to 46.5% for the foamed samples. Similarly, for PBAT(cPCL) system, there is a decrease from 36.1 to 33.4%. By examining the values heat of fusion (ΔH m ) and heat of crystallization (ΔH c ) in Table 3 , it can be observed that the heat generated for the polymer reduce significantly if they are present in the core of the coaxial fiber.
Mechanical properties of electrospun fabric
In typical polymer fiber composites, the interface between the fiber and matrix is critical to stress transfer efficiency. High interfacial strength plays vital role in effective reinforcement and limits fiber pull out and delamination. Herein, we spun two polymers using a coaxial electrospinning technique to achieve strong interface between PCL and PBAT present in the core and sheath of fiber architecture, creating fiber composite. Mechanical performance was measured using quasistatic tensile test and dynamic mechanical analysis and also compared with the constituent of unfoamed fibers and pristine PCL and PBAT. 
Quasi-static tensile test
The stress-strain curves of PCL, PBAT, and the two in coresheath morphology are shown in Fig. 7 . PCL has high stiffness depicted by Young's modulus of 30.7 MPa and low elongation at break compared to soft features of PBAT with modulus of 1.85 MPa and high elongation before fracture. The mechanical performance of the coaxial fibers can be expected to be based on the contribution of the core and sheath polymer.
However, the tensile test shows coaxial manufacturing with these two polymer results in enhancement in tensile strength, modulus, and yield stress in both core-sheath architecture fabrics as compared to the pristine polymer fibers. Porosity in the core and/or sheath plays a critical role on the mechanical properties of coaxial fabric. the CO 2 miscible material is in the sheath of fiber, hence pores on the surface enhanced the stiffness of the material, from 53 to 71 MPa, i.e., an increase of 34% whereas the yield strength increase by 40%. However, when the pores are present in the core of coaxial fiber, modulus of the drops from 61 to 33 MPa, which is a 46% reduction. There was no significant effect of on the tensile strength of the coaxial fibers due to foaming. This variation in the mechanical properties can be due to radially confined foaming of PBAT(cPCL) coaxial fiber as the core is surrounded by CO 2 immiscible material. The modulus of the coaxial fibers was also examined applying the micromechanics rule of mixture approach (Eq. 4).
where E, E c , and E s are modulus of composite; core and sheath V_c, V_s are volume fraction of core and sheath polymer. The results (Table 4) show that the predicted values of modulus based on pristine polymer properties are substantially less than the actual modulus achieved by coaxially forming the polymers. For PCL(cPBAT), the measured modulus was 174% higher, whereas for PBAT(cPCL), it was 198% higher than the predicted values. This increase in the mechanical properties can be due to polymer chain entanglement at the interface of the polymers. After foaming, the location of the foamed polymers affected the mechanical advantage. For example, when the porous polymer was located as a sheath the measured modulus was 70.9 MPa versus the predicted value of 18.34 indicating a benefit of 286% versus when it was in the core, the measured value was 33.2 versus a predicted value of 17.3. Table 4 lists the mechanical properties of the electrospun pristine and coaxial fiber before and after foaming. Due to the non-uniform nature of porous samples, the difference in Young's modulus, tensile strength and yield strain of coaxial fabric and their foamed samples were analyzed using statistical methods. The results of t test analysis with a significant level of 5% showed that there is a significant difference between Young's modulus and yield stress of the coaxial composite fibers before and after foaming. However, there was no significant difference in tensile strength of the samples.
ANOVA test was also performed, which confirmed the mean value of modulus and yield stress is significantly different.
Dynamic mechanical analysis
Viscoelastic behavior of the coaxial fiber with different architecture were compared with the individual components using dynamic mechanical analysis at fixed frequency of 1 Hz. Figure 8 shows storage modulus verses temperature plot for the PBAT, PCL, fPCL, and cores h e a t h f i b e r s o f P C L ( c P B AT ) , f P C L ( c P B AT ) , PBAT(cPCL), and PBAT(cfPCL) fibers. The storage modulus (E') characterizes the in-phase response of the viscoelastic material, i.e., the elastic response of the material. It signifies the stiffness and the energy stored in the material when a load is applied. Modulus values are highest in the glassy region because of restricted chain mobility, a sharp drop in the storage modulus is observed in the glass transition region due to mobility of amorphous chains with the increase in vibrational and thermal energy, and finally we have a rubbery plateau due to strong interaction with the neighboring chains [40] . The storage modulus for all the coaxial fibers is clearly superior throughout the glassy, glass transition and rubbery region as compared to the pristine PCL, PBAT. The value in the glassy region are about 40 MPa, 90 MPa, 600 MPa, and 1400 MPa for pristine PCL, pristine PBAT, coaxial PCL(cPBAT), and coaxial PBAT(cPCL). Porosity in the sheath of the fiber further increases the glassy modulus of the coaxial fibers by 13.5% in the glassy region. However, for pores in the core of the fibers cause a reduction in the stiffness of fibers by 50%. The value of storage modulus in the rubbery region also followed the similar trend with values of 3.5 MPa and 10 MPa for Pristine PBAT and PCL, whereas for coaxial PCL (cPBAT) and coaxial PBAT (cPCL) the values are 100 MPa and 250 MPa.
DMA results show a similar trend as observed from the tensile test, i.e., the foaming causes an increase in the elastic response of the PCL(cPBAT) fibers resulting in an increase in Young's modulus and storage modulus, while a decrease in Young's modulus and storage modulus for PBAT(cPCL) fibers. However, we observe a much higher value of storage modulus as compared to Young's modulus. The difference in the values is due to the distinct attribute of each technique. The tensile test gives quasistatic time independent response. The transient loading conditions and higher strain rates make it distinct to the DMA response, which is normally performed at much lower strain rate and gives dynamic time-dependent response for the loading. For materials with insignificant damping, Young's modulus is equivalent to storage modulus [40] . However, the difference in magnitude of both observed is due to the viscoelastic nature of the fibers having a high damping property. Figure 9 shows loss modulus verses temperature plot for the PBAT, PCL, fPCL, and core-sheath fibers of PCL(cPBAT), fPCL(cPBAT), PBAT(cPCL), and PBAT(cfPCL) fibers. Loss modulus (E") characterizes the energy dissipation and viscous response of the material, where the maximum value of occurs within the glass transition region. The peak value for pristine PBAT and PCL occurs at − 30°C and − 50°C. For coaxial PCL(cPBAT) and PBAT(cPCL) two distinct peak are observed, one for each PBAT and PCL. The magnitude of loss modulus for coaxial fibers is clearly higher than the pristine polymers, showing higher damping property for the coaxial fabric. Interestingly, the magnitude of the loss modulus peak of sheath polymer for both PCL(cPBAT) and PBAT(cPCL) is greater than the peak of core polymer (Fig. 9) . This can be due to the confinement of core polymer causing restriction in the mobility of core polymer chains due to strong interfacial interaction. Incorporation of porosity in the core [PBAT(cfPCL)] shows a reduction in the viscous response of the fabric. Moreover, the width of the loss modulus peak becomes narrow as both peak move closer to one another. This shift in the peak might be related to local physical interaction [41] . It is also interesting to note that PCL loss modulus peak magnitude after foaming is converted into a shoulder showing minor transition for porous PCL (Fig. 9 c) . Loss modulus peak for fPCL(cPBAT) shows an interesting feature as the sheath of PCL transform to porous structure, the confined PBAT showed a higher peak indicating limited molecular mobility of polymer chain [42] . Regardless of location, the storage and loss moduli of the coaxial fibers were significantly higher than that of the single component fibers.
Conclusions
In this work, we have used the nature-inspired fiber design to form new synthetic fibers. We use physical foaming and preferential solubility of supercritical CO 2 in PCL and insolubility in PBAT to foam electrospun fiber meshes. The effect of porosity on the mechanical properties of core-sheath fibers of PCL and PBAT were comprehensively analyzed using Quasi-static and dynamic loading techniques. The mechanical properties of core-sheath fibers were also compared with constituent material of PCL and PBAT. The major outcomes of this work provide a framework to utilize the new architecture:
1. Notable to our manufacturing approach is that the porosity was successfully introduced in the core as well as sheath while maintaining the structural integrity of the fiber. Cross-sectional image of coaxial fiber shows promising results indicating an optimal coaxial spinning; there was no physical detachment of the two polymer surface after CO 2 exposure indicating a successful amalgamation of polymers at the boundary of core and sheath. 2. The coaxial architecture of both PCL(cPBAT) and PBAT(cPCL) fibers shows substantial enhancement in tensile strength, for PCL(cPBAT) strength increase by 650% and 468% compared to compared to pristine PCL and PBAT, whereas for PBAT(cPCL) the tensile strength increase by 450% and 315% compared to constituent PCL and PBAT respectively. 3. Introduction of porosity on the surface of coaxial fiber fPCL(cPBAT) further enhanced the stiffness of the material, from 53 to 71 MPa, i.e., an increase of 34% whereas the yield strength also increases by 40%. 4. Modulus examined through rule of mixture approach shows significant mechanical advantage achieved by blending fibers using coaxial approach, for PCL(cPBAT) the measured modulus was 174% higher, PBAT(cPCL), it was 198%, PBAT(cfPCL), it was 90% higher, whereas for fPCL(cPBAT), it was 287% higher than the predicted values, indicating strong interfacial strength between the two. 5. The storage and loss modulus for coaxial fibers are superior throughout the glassy, glass transition and rubbery region as compared to the pristine PCL, PBAT, showing enhancement in both the elastic and viscous response of the material. 6. A shift in glass transition temperature indicated by the tan δ peak for coaxial fibers to lower temperature as compared to pristine PCL and PBAT, indicating coupling increases the segmental mobility of the amorphous PCL and PBAT chains.
The results show that utilizing variances in CO 2 miscibility of two polymers, we can successfully manipulate the architecture of the cross section of the electrospun fiber and can tailor the mechanical properties to the required application. This new architecture presents a new design platform for functional biomaterials. The outcomes have a transformational impact on the design of sutures and tissue scaffolds particularly where drug delivery and other transport phenomena are needed. Surface porosity induced by a non-volatile organic compound such as carbon dioxide has a potential to reduce the inflammatory response in the body. Further porosity offers a high surface area for drug delivery per unit volume. This paper explored the impact of porosity with the results indicating that surface porosity induced by a nonvolatile organic compound such as CO 2 creates a unique higher m echanically robust fiber arch itecture. Applications with a need for mechanical and transport properties such as biomedical applications can benefit from it.
